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(57) Abstract 

A multiple layer reflective polarizer (12) U described. This element is placed between an optical cavity (24) and an LCD module 
(16) to form an optical display. The reflective polarizer reflects some light into the optical cavity (24) where it is randomized and may 
ultimately emerge with the correct polarization to be transmitted out of the display. 
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fit- ft«82 4 2tt, 3t«#iIi2 2 2 0^iJXAO»2*-f KTfifiK* 
1 KT?£#ttK fi«Ag!ft4 j: e> fcffifcKfcuT. ftffi 2 3 8 <DftXlZ& 
^^ST-¥)f S 2 2 0 fCfi-^ < . e*tLT, ft*§Ui, ¥»S 2 2 0 OS^tC^f 

U feft*g©&£T'& »J . #&ffi#**2 1 8KAI*bfcv>. i<Z>«fc e> fcftHUi, £ 

J: e> fC , 7 4 omiZttLXXZ&ftmT'rJ X?UJ frb&tiiLtzftlt 

, 7^*:7*l/^©$itf¥fcffi2 2 0C#LTB:ftT'&.5©£lC. fOflfCfi^* 

ft 'Msm e> ti 5 . 66tc^bT^s*^ST-^[ojcJwe>tvs. t £ # 

oT, ffi£tf)#a<fcy : t>*£fcAS*:fcT-¥?fffi2 2 0 gSoTttSStttt 2 1 8 
ICAItl-Sftti. (input wedge) J: 'J t»t i t>7 7 h 

h >7 x >y 2? (output wedge) tC # fa -5 Yf *>t\. »J t>/h3 &A#ftg 

T'¥?t®2 2 0$:JioTSigffi«^l 8KAf**-5ft©;*:¥tt, fiftLTft^* 

it®** 3f4 2 1 8tf Staff U -«ICllltttl,fc«Ife4t, f 

J: y *< ©3t# J: y /ha * 9 x >y y tc n # # n ^ # e> n § j: e» »c±iBff y 
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satis, x&mvmmtt&it. mmmunz 1 8^. nmiz® lz& e>*^ d#> 

Sft?itifeil©<' , ;i/-yiCov^tB, ^sicgabt 

&£^c<*£»e>*ifc£2©;oi/-7icov^tt. **wcs£-5ft*>gia- a#f 
1- £ 3 h x* & a . fg2 7o#&ii£ i ^oflgj: »; t>*£ < 

^l/>f©£ffi, o£»J«S, (C*f LTit ftfcxW X 7 l/-f (He*** 5 © T* & S 

a 

m 9 l±. IS 3 if it 3? Si*® ft ^ l l o ©fcvxi§£ fe*lc. SP 
^«UC|S3ifiil!SWMft^l 1 0S^IUl>4v^¥f^^l/'f 1 64© 
8B&£jRL-0>£. ft#=Jr^tf7 L -fl40©a-.yh«^*ve>^ti5, 
ftjftl4 8-efb£fttt, 7>^AfC«ftbT, (a), (b), ( c ) & ( 
d ) ©ft^«)S5r«-r -5. ft<Z>,#¥#T?&S. ttffl (b) i: ( d ) Oftli, x -f 
xyM=E?a-Al 4 2©-gP&fcf£*S26£l!fiJRflift*l 5 OCiot® 
lR$4x-5. ttlStf (a) t ( c ) 0ft<Z>8 >J tt, 2ftttqglR<gft*150£»ia 

tctf^X. ttJS (a) £ (c) ©ft ££A,T'V^. ft® (a) ©«ttSSf 14 
6 ©#^3tff**#, ttJS (c) ©ft«-e©#|fiJ'sjHT UfcVN. #® (b) ( 
d) SltSS'jBJUi, 2 feft^lR^ft^ 1 5 0 Tl»JR$ 4X-5. L tz # o T , 
ft¥*^7WlC«fcoT#&£*lfeft©*<j4#©l£tt#. f^^KA'gS 
#14 6lCj:oT*^*l*t^(D|S3{C^#1-5„ 

(8* £ if itSItt, ft^*Vt^W 1 4 0 K«fc o T ftf E T' £ -5 «k e> tC Sfifeftfc 

CrL--vbS(DftA^€.$liJiS5i*®ft^l l0/\iiff1-S«^. »4^fi)l 
Oft (ttffi (a) Oft) IS^JfiiSSMiSft^l 1 0^$l@ai;a5. 
^Ofttt, 2 fett©ifc<ift* 1 5 0 OSiifOtC^o feiE L V^OSft ft£l 
6 Iff Lt^S. b^L. Kill (b) , (c) & (d) © & »J © ft . E £ 
$ifjIS?£l*<Ift*l 10K,fcoT£#LTft^**fcr-r-<^JiS. 3 0ft \t. 
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(a) - (b) • < c ) ( d ) *m uji?* * nm 

LfctfoT, ft* 1 60t)IE$l 6 ltC<fcoT^Stlfc3t©4tt. rn$ffcj (c 
•koTlfA*. 2fettij5jR®^^ i 5 0©aaHic-«LfciEL^*«®3t«t* 
(ttJB (a) ) tfBSSitiigfijfSft^l i o 1 6 3 T- 

ftffi (b) t (d) <Z>fttfHS;g<ttit£5ttflft?i i 0 fc J: oTSIt-T 

S. x-f xyM#6»8ft4, 1 6 3 CJ:oT3*bfcjfc*#. 1 5 2 

-;n 4 2 tt, iEBigft?- 1 4 9 tnftUft* 1 5 0O|g»c5I«Stlfc«tav h 
f XI 4 7fetLT^4. 3©3IMJ!Slc;}5^T, ft S^igJl 1 1 3 I*, gjf 
16^^, ¥ J ef^l7 1£tt|5gT.3* l T^£„ ifW^l 7 Hi 
. a*KfcH«« (a) ©JfeHfefijH-rsfcacKtf&flTHS. ^©x-f* 
^ H 1 7 OKSHT. M^^f^HOli, ft2a£#2? 1 7 3©*{C:?> 
I 1 72t«ti^vMOT»fi. 7>^1 72*>e.03ttt5>fh^^Kl 
74©*KAoT, X*y h i 7 6ft^©tti[ i E#B f caj fe4SlT .j i( j t5> 5 

0 1 Hi, ft*«ii»l 1 3&tf#j£Bl l 2 ff. £»g)tf$ # i i eiZiS. 

8* spasms snTv>«:v>g!i8ij#T'*s)t^x-f x^m i 7 9 s^lt^ 

I*?110^«U V15> ^«^{C, %**Wt<< 1 4 tt. x-< x?•u^• 
©fei>>©ft?:#|&**^;i;t,^c. 3*ga£ftfflft-r l l o*»6Hofcjto 
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9 ft* A TV**, B* SJfJISSftSft* 1 i o©r<D£i&^®i:Hi 0©=b© 
hCDitv^ttfcott, 18 # # l 34«fc»J l 2 £ Jg £ t * 

* *>? ±ftlCrtffiJ^S»1-* 3 tCioTJt**^ 

^H* i £ T*&*. BiJcDSvWi, 1 1 3 \z «fc o T 2 i® b f_ * 

tt, x4 ^Mf^a-iH 4 3 iEa«*-H 4 9 fe«WT»ii«3tt 

^ £ & T v* ft v* ~ i: T- & * . rt9jf9-f h # $ K » ft 3fc ■ T * * * 16?* J* C J3 

^xt*. ^6$Jtiissi*<s) l fc^^5teaLfeiaitR«)t^?:^ffi-iff^aift3> 
h 5 * h # # e> n * . 

01 2 tt, f¥ ft ft X U ? h D )V 5. * -fe > % (DA v V 5 -f h i: »C £ o , 

•fe >x»/< y * 7 -f h tt, Attfttt^fctSft^fc^V^-MblcBBUT, 

tf^-f t LT(D±i4 IT^S. itVi<ommt IT. 118 1 6 

2tt, 2 ££«I)fc*0><* ft**T* t, B*3if3ifi£it«3fc-?**«:*LTVV 
fc^-r-C * 7 l"f fCB§"f * 3fctf>3iS IT V*£. ffij»164li, H12CHU 

53£itS£#«#^#ft&ffi*fcx4*7l/4©Y-Z®lC8-r*. ft<D£g 
#:$£#** ft CD 83 fc*LTV>*. Aill 64li. 2 

ttUbT, U±T*& 6 0^-t> K0^*S©lti«lS:^UTV**. ft *» & 

6 0 £1**1 £ 3. * T tt, ,tt5 0A-iz>K<D9i* 3 © ST # % <o ti * . 

ftftttft/tyir54hSftJlLfe;S&CM©l*l6ftCfev*Ta:. 01 1 C BB L 
T±fcLfeJ:SK. £tt«Sft**fci:iS8JIi: IT cofcitS i: fe** *W* a* 
JlSKItfta^feftAfcttftT, g£E (Ci££ ft -r-f 7. 7 1/4 lc?&o T, 2££ 
S^flirotiffll^t/TiSSA 1 ! o 0/<--fe>hJt***3i:#8B£c<ftfe 

. s»«3%^-*aT»^*s^3 o A--fe> hJ§A, #jtis#aTttw* a ^ 7 
cw<- •& > h if*, ftftttic. ft±©«£T, £#coss* a ©Jfflntf i o o /<- 
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■v^x^o&irMCismtf*;*^. Hi 2©B28ijxi/* ho;i,ut>^(DA 
yf^-fSfcfcfcKfc&ftTfey. ttsmft fcyt «, * 5 -f h i: £ 

0 1 3 lZzkLtzMmffi<D&m%7 : J l 9 2 £ flj t\ f, 18 5 £ JfJiSS 

1 2 ft Of 1 84Ht5 2o«))t#SSi 1 1 3 & If 1 8 2 #4. 2 H IC fi 

6 3 1 1 O&ffiJLt^i. 01 3IC£HT2o©^^ 

#fi»*3fc-f*tt 1 1 6©T*IC»a*lTH4tf. £t*<g)fc?-##l 1 6 
&*»9!©«SB*>e>ia§J*Sfffc<, tt^fcigjf 1 1 2 ft Of 1 82©H3^TfCB2 

fc*t-?««zfc#aff*ti«'<ft'e»ft. -*5c«fn±. i i 2 

ft l 84©8BfilW©3S!at<koTt4ii:^T?S*. ffltt, fu^Mffll 

fgEfSfCtt, fn i ftg&tt&fficj: 'J. Y. ZSlCfcVxT&7 0 «. X, Z ® fC 
1 1 0 £5. SI tt^fcSIS 1 82*&ffl**tt. |2 
1 1 3JB0ftHfcfe»J. -e©|}jiS 1 12tt, 3fc#«3tJf 1 8 2 ©« 
jfffil 84tttSe>MBfiJfiS«LT^S. flAtf. 2o(D^^«Jt®l l 3 fttf 
1 84OM#90KTCAgHT^«|«, )16^«|jiS 1 8 2 ttX, Zffi© 1 1 
0S©ilS^(0)tC^iLTX, Zffioa&agfc 7 0 g «fc »j %, n < 

0 14 tt. WS3ltJiS!S»S^^ll05:#fflT-^1-«tl»S^«!gT-fe6. 0 

01 4tc^t«f:e»»c, fss svasgifffft?- hob. tm nut 
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113fc*UTH*.H14Ki3V*T. Z <D%*m&M 1 1 3 ttS 

1 7 5, 0 3 o lUCfiV^TJt^ &*ITV»* J: ^ ftffWCSV^T'llttfc UT»«-T 
fi»«Jfc*±©*3tlf»»©fc- h5U-->3 it 

an*. ^>jxa7Mtj»*. *^yxi»tt, x3fl^©tf sji&i*©ibsp & 

^LTVx*. Y, ZlBCfeHT. *y>JXAl 1 4 «-£i2H#7g©BT®Jg}K ft 
XA©lH# 1 2 0 It 9 0 StfeS. 7'J l"ftt#* bV\#. * 

©JB &©#£©£# ££fc"&T\ ?U Xi»©»«H»»l!aii:»* 1 2 0 ft £ *. 
Tfc«fc^. ■MCatfc^UATl/'ftt. 3* * x 4 * ^ U -f * & ffi * * ft ■ 

j 5l u# L, bv*»*« ft9*&JI l 1 3 lif&©^JBft 

ttshay-?7-f-«©J6*xl/>i>h«:, »ff }fc * IC J: o T 5% S ft 6 Jfc © # fl 3 

tt©«ttfc»*»K*****SK«*'***-fc , *J : <* ,6 * 1 '" cv **' 

oT, HS5IS 1 1 2 i: H } mBB. ltMIH»M«13 6 (06) tCJffc ft $0 

ISrs^^&^ll^^M^WJt^^^^^ftSiW'^*^*^^^^^ 3 ^* 6 ^^ 
ft 5 . 

»Jf ;* ? y g ©flgfEJI 

EUX'StE* *. #Jf* * v 9 lt^g[©Sft^t/3 t #T-g, «-Jf»t#»©J*fc 
ofettfl©{JJT?J&l*LTt»J:v*. Wjfc©a*yjr©fe©ffltf»©aiRfcfc*1"* 
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W&k®&\Z? & fettC SSftl^Jlf^^l/Afflx^y^Ttt, Mfcofegt 
«tt*f»®*## i ftS, d*^t<t5£*, rOKWett 2 o©»#4S:# 

fettle, * 4 y * 0> 2 o <D |»© £ tt ? «fc n. 

UfetfoT, KiH&£XMj < tSfettfC. *-&#S©3fc¥f£;gK:o 

iz&^a. L^UA'f,, ilTfaxiftiMc <fc*gi£©^JI* * <y ft 

&©Sfr bm&T' t HI 5 izjjit *;©©£ ^ £#-&#fflT'©tt£#ffi 

■8 + ftfcttC, zifih-o©®rtftii&£^tfA»®lc*fl-a s P<i!3)fc©A 
#*!K©H$:£ UT©£t*gsS:ya >y ht*. 

C. £©»lfltt, 2 o©^«®3tH»5:iiA, -*©*« (z) S: 7 BASICS 

1-^T©£3© 7 -f *A©* <y 90) (optics) fcgffita 
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tz#>0)g*ff3&&M^fr7 : 4 v V (mathematical building blocks) 

ttp«*fc s«*-e*S<*«s«. p**©**ffl*»tt. nfc^a-?*-** 

Sft»fcav*«:, ./-;*• *5 (north-holland) lC<fcoT1 9 8 7^lC^tf 

£*tfe, T-^-xA-X-f-TtfA (R.M. A.Azzam) t!3t-lA'^->t7 
(N.M.Bashara) ©Ifr* fi'J7"f Ah'J- ( Ell ipsometry) fcffftJ C J3 V% T 

o r *a e> ns P v ■ s«©R»ia®iMi & z. t iz i o x it 

1) n2z-n2o/'(nlz 1 -no»sin t 0 ) -nlz- nlofkU* - no'sio 1 0 ) 
rp,,- n2z-n2of (nlz'-no'sin* 0 )+nlz•nlof(n2z x -no ^ sin , 0 ) 

2) fCnIo'-no'sin' flj-fOiZo'-no'sin'g) 
r * ' /■(nlo 1 -no*sin* 0 )+/'(n2o t -no , sin« 0) 

1 fl!lttaa*TS/>t.x Aid J3VxTl±, n 1 x = n 1 y = n 1 o T' & U , n2x = 
n2y = n2oT'fe5. 

2 MttttStr AtcovxT, #§3; l ft 2 li, Bi 5CSI/feiiC. 
x - z * fett y - z SK¥«fcfiftS©ft©*K*a&"C»*. Ufe^oT, 2$i 
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O^T) it. nlo = nlxT*n2o = n2xT*&»K # g j£ 2 K fc V\ T ( s S 
%VL-D^\X) \t, nlo = nlyT'n2o = n2yT'&£, y-z®©#©Att 
\Z§Sb, #g5£ 1 fC 13 V* T (p®^»COV\T) li. nlo = nlyT*n2o = n 
2yt*'J. JIS2CS^T ( s <I#tCo V>T) li. nlo = nlxT'n2o 

atf^tCk ot&£ S3 t H LT^5. £:£tl#£HC23HTIi> 3o©a#T^ 
f ^ T ^ b < . nx = ny = nzT'&&. nx, ny&tfnz©ISI©gJ$fC«fc 
oT, ttttOftStfttttfft t Z. 3 o©A#3S©IRI©B§&©:ffligfC J: »J . 

. i tasaafr, 2 tttt*JB*r£ vodkas o ©-»&&# -j 1 =r u 

lUttttJBffttlftt. -#W©H*r*#tt©raift©JB*r*i:tt*fc.5t»©i: 

i/tssatis. rosaotft, i iuttaa#r J/*? A n x = 

ny*nzT'&*. x fit & If y Mtt ® A ft fc L T ft A 6 ft. #JBiff * n x & n 
y «, Sfca$r3Ski*tfft-&. 

1 f8ttaa#f ->^-r A £#S-o©#iSli, *'Jv-©#Jl**>y*£:2$i&ji 

ftjEf©««iBtCfcHT«©filf#4 C6. 

l ft«taA*r#**»J, iE*fett*©£'&&fr©l«»l*JB#rttfc*l,Tn*. 
IE©l$U«&a8fttl±. za*f^*«ffirta#f^J:U : b^^Vx«^ ( n z > n x #. 
tfny) £© 1 fttt&aSrtttt. z JB#r¥tf aAAtf * J: U V* 

£ £ (nz<nx&tfny) Kits. 

2ftttttft#r»fttt, 3 ■3©i|CHf*JB«f** { Jl«i6 (nx*ny*nz) 
tiffltLTSiSftS. 3 © g £ fc. nxSJJtnyCDltt^li, S ft A #T 3* i: 

fls«:^?«5. »^ft*.fttf. a* ? * » 1 m^tttfaft*. 3©ras 

©fe©, x£tofc2ttttftA*rx* ?*©JB##WfcvO. 
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i $fttt%jaaf is* 1 ? a («) 

8H£8JS*T#*4©-/Sttfc&# tt n x = n y * n z T' ft . Lfe#oT, HI 5 
<D&M 1 0 2 fttf 1 0 4 # 1 $ft»&®$rttT'&*WJ. n 1 x = n 1 y ffc »J . n 
2x = n2yT'&ft. 3. © f^S © £: «K Ji 1 0 2 # Ji 1 0 4 J: »J * t B ft Jg 
3r sfs & £ L > lf:#ot. x^ra&0 t y*I^IOM*T-nl>n2ffe6i:€*-r 

Aft i £ K. J: o TSSUTiE* tta©«B«rtt S: J&fc o l"C/UfC-*-« 3 i: ffi 
T»* ft. 

ft tf«*-*Hl IB ©S It**** *©C«ffl-r* r i: «. #§s£ 2 tt 

, sMjtfCHUT, §*tt7^l/A (nx = ny = nz) © * $g & £ 0) * ft K 
^-Tfeft J: e> IC fiS JiMC LT VNft©T'. * S 5$ 1 © * & ftft 1" ft «fc V* . tto 
S»J£3-&&fe&. 7-f;i/A©®*f*S:-®»*ffi{C#^tft. n 1 x = n 1 = 
1. 75. n 1 z = pft, n2x = n2y=l. 50, f Lt n 2 z =HI^ tt 
ft. Z<0i/Xr2*\zlS^zm*'*!t&&7)\'-2.9-fiZ%imtZtzlfos MH©^ 
#tt*S*£WLT, n o = 1 . 60tt*. 

0 16 li , n 1 z*tn 2 zj: y ti**V^tiKS«LV>S^ ( n 1 z £ n 2 
z) IC <»*tt«lt*»6«l««fMCAi*Lfe P«ft©, ftBllZtt? ft£tt^©ffi 

iss^bxv^ft. a i 6 ftfcftjiStt, «r® z -a#f^©fflfcs-t-ft %© 



T'&ft. 

a ) n 1 z = 

b ) n 1 z = 

c ) n 1 z = 

d ) n 1 z = 

e ) n 1 z = 

f ) n 1 z = 



7 5, n 2 z = 

7 5, n 2 z = 

7 0, n 2 z = 

6 5, n 2 z = 

6 1, n 2 z = 

6 0 = n 2 z 



5 0 

5 7 

6 0 
6 0 
6 0 



nlz#n2zKifi-3<fcfc, 7 h - 7, * - % . o * »J 5 #§5 # 1? n IC ft £ g 
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a~e©ffl|Ui, < L#L. nlz = n 

2z (ft»f) ©££, fi»**t*«c4*sn*z:i:i4«v^ »v%»*.*itf, 

. ( n 2 o - n 1 o ) / (n2o + nlo) fc . ftmtfi e>»52 L C j» * 
^£#T'£S. nlz = n2z©g£. - x * - & £ it < . t^TfflAlt 

0 1 7 {±, n 1 z & n 2 z «k *) fc/J\ £ ^ %, L < tt^t L H © A # # g K # 

SMftt, Alt^SfC#o T^^fCifiDtS. ^©^ ^ (i. s<i^ 
£ov*Tjt ^tl5^!T'*5„ SI 70Ma(i, s {§ # © - ^ © - X 4 m L 

3* L T V^ £ . 

b) nlz=1.50,n2z=1.60 

c) n 1 z = 1 . 55, n 2 z = 1 . 60 

d) n 1 z = 1 . 59, n 2 z = 1 . 60 

e) nlz=l. 60=n2z 

ttz. nlz = n2z ( ft i& e ) © £ £ , ^-x* < , t^T ©A 

0 18 «, BieiffntHCf, B#r*n o = 1 . 0 <Dmft<D® 
^®A»5:^ltV\S. 01 8fflftS«. n2x = n2y=l. 50, n2z = 
1. 6 0 ©IE© 1 ttttttf**. nlx-nly-l. 7 5 © £ © 1 Mtt «f» 



a) 1 


. 5 


0 


b) 1 


. 5 


5 


c) 1 


. 5 


9 


d ) 1 


. 6 


0 


f) 1 


. 6 


1 
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g ) 1 . 6 5 
h ) 1 . 7 0 
i ) 1 . 7 5 

fcfc, 016&tfl7lCfcVNT3j*L£.}:e>tC, n 1 2 ttt2 ifflliH-tLTH 
(f&HSd) . R»fttAli:£*«ft4^. 
01 6, 1 7 ft. 1 8tt, -*©7-( , ;i/A(Dziloa*f^A ? ffi*©7-f;i/A© 

KflJB*f*fczll»M©n'e*y#***©H**:H 1 9, 2 0fttf2 IK 

s tit* *a* © z fasiff^^Jiin* tzitm'p m* fe 

0 16, 1 7 ft 1 8 K §§ UT±& L fe>r - * & 0 1 9IC^LtV^6. 014 1 
©®rtB#f3Stt#** 2 ©Bftfl#r3*J: 'J < . 1 tt£©&®#rtt 

ii$in'hS4n 1 2) U 2 ttIE©&B«Ttt (H«lJf$i'Jt» 

gKovN-c-jetcfcs&ii. 2o©zfflJS$T3s#lS£i:::3t?&£. ;:©.&&, 

H16©l»»f, 0 17©ftjge, ifcfclJH 1 8 ©fflligd K#J5LT^6. 

H 1 6 CfcHT, #&ltt#**2«fcyfc*£fcBl>i@$T^£;frl-£tf. 1 
tiIE©8lffl*ftt5:* U 2 tt«©aijfrtt&« U T i © * - X T- tt , 

7 ;u - * * - © S /Jn fit li , i»J/JvS*^ig©ffllc©*i/7K-r«z.i:*«T-$«>. . 

Bl 9St;2 0ii, v*-f4x%, 2ft©7-<;i/A©-;£#gf:£ttT*fc£^£lcPB 
oT«»t*5. 2o©4"->Ui > ttftl *««*tt-e»l4 2 #IE©&B#Tft 
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© ® #r 3* fC L H t Z. 5 T? & 3 . 

ft £#1" LT l^S. t^L, 2 #©iE©aJB$r ,1 ©4" - ^ 02 1 

fC^Lfe 2ft<DA©aa*fSO-!r-^k:ia<KLTVN33 tfJgflp 3 ft 3 /< £ x- & 
3. tir&bfc «fc } * -©£/j\fflij-;£© z fUaSf^*tffi®7 < ;ua 

©£-{C£ £ £. 01 9-2 lfC^SfttSoro^-^fflaj^-ft-^X'^Sr©^- 

aCS^T. s **tt-*-"«T©a*-efi»*i\ p «#©fi a #fc«© Jf 

3T-*3e>. *hx* v inDMamamtt.* mm<D-&mfti£znt zmm&mm. 

* ST? ov*T*l#*4::i:K:j: 0 T, assist 
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«JI»Ifl))t5:SMt5. & 7 ;U A IC £ 4 . nx, n yStf n z 03 offllff 

PEN/coPEN fre>& 4 #il 2 f *T" 

A <Z> - o © W T- & 4 . b^L. V 1 £8j£t4<Z>K&/§S*V4# 

$t£gt5. o 3: U . nlx=l. 88. nly=l. 64. n 1 z =»ff, 
n 2 x = 1 . 65, n2y = n2z = nJ3ET&4. x^IpIS:®^*^^* 

y#|6j£3iS#tSJi- V^. 

ltt. fett*K#*WC«W* A»lB«:»o feJtffl 2 o©fi 

Bfcfr-aCWUT, 2ffittaBtf^*xA©ftgi!i9fc#M£#&4fe»lcffl^ 

sittftss. 6ft-?-tt-o©{g3fc;&isjtcHbTtt«-e&y. « © # to c n u 

8 8 - 1. 6 5 = 0. 2 3 M»i*»ft8lr*«)Itt. s «*ICBBUT#«C 
*H . P^ftlCKbT. i^#it-0£«fli- n 1 z h n 

&4. 3©3i:ti, fe t *®rt© y IT v>T %>. zJB#f*tf*a< 

02 2li. PEN/co PEN© 8 0 0f©^*7i'i:o^t, 
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A»I*tt5pj|«i;ffitS7 5' T*©5l»^s (-LOG [1-R] tLX? 
QV h) fcatlsTt**. £f*3Stt, BTm^^fh^^^OiSS ( 4 0 0 ~ 7 0 0 
nm)®HRi:l,T7n*hSftTH&. (Ml a K o H T » 5 5 0 nmT*0B§5t 
Rftmit. n 1 y = 1 . 64, nlz = l. 52. n2y=l. 64, -£ L T n 

2z = i. 6 3ffc5. gstitx^^ffli^ii, ta# ©-»£©/< 7 

f4&tt$SWJ9 $ %fWl (simple lenear thickness grade) 7?. & 7 WWi <D 7 
**»o £5 ©»!£#.£;*.£ ft £. 

> Mfc^fefc£#gfcofegg©£S*$Kofc#43£ft^l,-0>4. x ^ * K 

j ft^atft*. **«©fl»-ettft©«^^«ti»v»i a^as l lcd 

fitt, ^^-^*-*#©«-ftl 8:4154 #3lifli0iBrtJBff» (nl yjy n 2 
02 3fi. 2»tta«#r2/*T-A©»a*E»oT. ft f ft © fi Jf * ft /Jx $ < 

* 4 £ ko^t, y®*f^©^-Stft#At4^i:©a^ft^/<st;©T-fe4 

. nlz = l. 52Stfn2z=l, 63 ( A n z = 0. 1 1) f, #T©£# 
T' p {§ # IC o lr\ T 7 n y hit. 

a) nly=n2y=l. 64 

b) nly=l. 64, n2y=l. 62 
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c)nly=1.64,n2y=1.66 

ftjgatt, ffl|*JB#r*n 1 y n 2 y #*L^»£©M*«:3*tT^S. AIR 
attO* © i: t lC£/h©£3t^&* 2 0° & 8 A £ i: AM K ±# L T v> ft . 
ftjg b Ko^TIi, nly>n2yT'. Stt^li&jSlC^Anl/t'^ft' ffl&ctt 
nly<n2yT'. 3 8' © * JC fi It $ if **T? . •?'©&&i8£.i:#^"C , ' x 
ft. agd(CJ:oTOT3ftTVt«J:3IC. n 1 y*n2y0sS«CBlt> ffl 
SfflfiS* 1 *!:^. 02 3©ft3Sa~dli, y-lff^ffl^-K (n 1 y-n 2 
y) © & ft # , #St5^;i'-Xi(-©S/htt©feft. z-js#r3*©*-& (n 
1 z - n 2 z ) tBC-C^S^SfJSItli^ltV^. nly = n2y©© 

s M#©£t*$ii£T ©ftg-e-t? a -e&ft. 

3<-TftZ:£tf-e£ft. nlz#n2z!:^l^i^. 0 1 8 ti. * 
ft («*. «> nly = n2yS.t;nlz = n2z) tf> IC. #KftftC8 o T if 
2d©y«*f^i:2o©za*f*S:iE5tlC-SS[3*ft^i:«^ *6«©tf U v 

-A-ett^rtB-ejifto. % l ztt©J8«r¥tf«#*©*#K£oT:v>fettfttf, 

n 1 z = 1 . 56Jtfn2z = l. 60 ( A n z = 0 . 04) tfi^Lt, «T 
®yg{f$, f fc ^ . a) nly=l. 64, n2y=l. 65;b) nly 
= 1. 64, n2y = l. 6 3 tB 2 4 IC^D hbfe. ffll&cttW*©*-:* 

©s^jttc^vNTT-*)*. y ®«f ^©^-a©*ft^ z ja#f2p©^-s: t. m C ft 

&a©m£, &%>{6^$fi-f ft#g©£i*3S t: * o fe . 

02 4©IJ|afl)^fffflTt', 7 5" © A S* # T' © 8 0 0 M © 7 ;i/ A © * * 
«y * offl-f ft©S»^©tt»ffl*. H2 2a>ft»bC70 v KLTH*. 022 
©ffi# b fcftli* a ft i:. ft « b IC 7 n >y h 3 ft *ff C H t T . ft # 

fC/Js$ V>$fi-f ft©Slt^> Lf:*>oti >J/h$fc*3J£6tf&ft;:i:tf*$ftT^ 
ft. 5 5 0 nmf©ftSb©Hai#fftt< nly=l. 64, nlz = l. 5 
6 , 



(3D 9-506984 
n2y=l. 65, n 2 z = 1 . 6 0T'*5 D 

*£#g5$10&$|5<D7'a«yh£^LT^£. ft* 4 OCDSfifi 

l/feSM*, 2o©lJr$©^-StAnztAnyC^ife. ^D'; hit A 

¥*&4lT*&S. 5t?$tt, 0.4X1 0 - 4 <Z> -£<Dif#T?, liSJaCDO. 4 X 1 
0"4^e>, j ©4. 0 X 1 0-4* T»«D*B***. ^D«v htt, -0©#3* 

*C»o & 0 T4 efe*fi»*#. tt<DN(C&? 

Lfetfo T. 2 tUttfcJStf S/*f- A ©/I HO z JBSf*©^-S(tS:/jNS < + * 3 
fcK<k ot\ Stf/SkaT"^-* y S #f CD * - & £ 

f At53tCJ:oT, US 1**1 ©£ #3*, b # o T M 1*ft © & 

. », i/7>, £ fetter xn *fefcic«^**i:# 
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jtf'JV-S:. flt 2 t VX%mX U V- Sa^-T S i i: K «fc o T*T*>4x£. * 

tt&^l-sfcrotcLfeyt-t*. 

ff* bv>*t*40>ISflli: Ltli. *<Jlf V>t7* U- h (PEN) t*07 
m-(fl^tf. 2, 6-, 1. 4-, 1, 5-, 2. 7-. atf 2, 3-P 
EN) . *'J7A*V>f 1^7* (W^-tf. #!llf l/>f l/7*l/-h 

. -i{'J7fi/>f 1/7^ u-h. fttftf'J-i, 4 -5/* n ^ * -y > S> ;* * i/> 
x 1/7 * U- h) . #U 4 5 K 7 0AB4 5 K) . jK U x-y*4 

« *. tf. * y -r y 7* /u * * * U i/ - K . /Ky7"n£/i/j***yu-K # »J x 

f^^f'JV-K ltf#!)iif***? , JI/-f) , jK y 7 ^ y u - h ( $ 

*. t* » 7" y 7*f ;i/7^ y u — h & jK y n-fr? v y i/ - M . * /i/ n - x «i* 

* x^;u-fe;i/n-x, t;i/D-^7tf - * )\*u - * 7* n\£1r * 
- K •fe;n3-7*7l2-r-h7'?-l'-K Stf-hPt^D-^) . #'J7/i/* 

(Hittf. #5if *U7*nifi/>, *y-f 
y^f ft # # 'J ( 4 - * f - /I/ ) 'O ^ V ) . 7?»ftjK!)7- (« A. I*. 

* /u 7 ^/ * a 7 ;u n * y m Bl . *'Jf H>7**nif 7 y m it x i/ > 
-7aiiv>*i6#, iK^^ft^-'Jf^. fttfiKHaDh'J7**Di 

ij<iJi-f^^/l/*>. jK U 7 f U n x h y * . *!)73K. 5" 
ija^ll, xjK*5/«J». tfUMtfx*. *'Ji-f*-75K, 7 4*/ 
v-«IB», 15^7- (f!*.tt. #'J 7** j;x>, iK'H77*U>, 
7"W:>) . Stf*'J9l/i>A"ft5. tt©#*b<r* PEN© 
2. 6-, 1. 4-. 1, 5-, 2, 7-, Rtf/ttz\tZ 
t 3-7-7* y>«;*;b]K:'ft*&M:'?a>x*?;i/2:. (a) f U7>*l*fe 
tt-erox^xA/, (b) 4 V7* /us* feii-e©x*-f (c) 7^su 

titfl)iXfA. ( d ) 7;i/^>^y=J-^/, (e) i'?D7^<r>y , J3-A 
( fll . S/jrn^^-y-vy^*/-^^*-^) • (f) 7 ;i/ >r > i> # ;«/ # > 
St. 
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fttf/tfcti (g) z> * a 7 ;i/ >r y >J ft n, * y m (mz.tt. is V n >\ * y 
jvtfym) t, , jKU7;i/^i/>xi/7*u-hCD^M^^ ( #| >t 

tf, x U 7 * ^USE * tz tt*CDxx i: , (a) ± 7 * U y 5? * ;i/ jjf y & £ f c « 

eoxx-r^, (b) •fy7*/uft*&ti*g>x;i?;i/. (c) 7**iifeii 

iE-<Z>x*-r;i/, (d) 7i^>^'j3-A, ( e ) i/ 9 a 7 )V fx y 9 U 3 - )V ( 
n^^r-9->y^ * J . (f) 7;i"!r > y *;u-K>^ 
. fttf/£fc(± (g) * n 7)\,>t y iSjjfrtfym (Mtni. t u <\* v y *j 

■i V V (bibenzoic) gfft Xf x f- 1/ > ^ ij 3 - ;u * . 3 (c , 

•eft-en, ±s* LtM^fr $ t tt#a-£&© 2 o«±©ig£-# (maw:, sps 

t7*9 7->< v V jKU Xt 1/ S^its:titfg5. 

fiStt^rfl&^K^Cg: i L Vx^CDSi^^fc-ltfCfi, PEN/coPEN, jK 'J 
if l->f (PET) / co-PEN, PEN/SPS, PET/ 

SPS. PEN/-(-Xf7 (Eastair) . ft P E T / -f - x r- 7 * *l S 
• — f« r co-PENjtt. (iiiLfe) t7^ 'J >^*;i/df>SfS:S{C L 

L ^Jf©,1S#£*>-fc!:£l±. PET/i^fA (Ecdel) 
PEN/I>f^, PEN/SPS. PEN/THV, PEN/co-PET, 

fttfp et/s p s tfi-ssztiz. r co - PETj ,^ (±&Lfc)ir 

U7*;i>i&£gKLfc#fi£ft££J±S£tt5:fi-^ x?x;Mi-f - x h v> • 
• A>A--^e>A#«IIB4:»Biffltt!KUxxT^-e»y. THVttx 
U - x A • £ > A x - fr£ A# ^18 7 ^* □ # U V - T' & 6 . 

e>*l6J:e>lc3#£ft6. fiift-riiSlropa^tf)*-;*.-^ JfCDgfctt 1 0, 000 
«fc V%)'J?fc^Zttf&£ L < . Jr»Jff*L<tt5. 0 0 0 J: ( $ e> 

K#£L<tt) 2, OOCfcUfc^fcu. 
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±& 1 1 «t e> m* ©a#fgs©is!©mM©B9& ( Lt-ttvX£m&m.oft%- 

S;ft.fcSgT-&#'tSri:lC«J:oT7-r>>l/A$:iei6]L, 3 <b K , * © & tc , & g 

&TS£S ft fcfi&T* t - K * >v b - t K J: o T, 
fl&f&J&tmfaZT v 7* li HO m £ ft o 3 i: tfX'Z £. Sft*©^. 7-<;i>Aii 
HSttlC-#ffl (lHjEffl!) »<0i^, 7 Y ^AttHgttK 2 

( 2 m#m) ^g#s*v*. 

t^L^) EESSSnS (1-fcfc*>. ft© Tt«Cgft»fcSefttt 

Ux>*- (length orienter) £ & -o T «#© * f ^^-Sftotl* 

- « C , 1 : 2-10 (i'JJfiUttl : 3 - 7 ) ©& #^ . # ^ © # £ 
Cttff*UH. &©!§££«. -#©*&Ki&o fett#*# 1 : 2-10 («k»J# 
£ L < 1 : 2 - 8 . iti^fHOtl : 3-7) © fg H ft T' , £ 2 © $fl K ?& o 
fe tt # * # 1 : ~ 0 . 5-10 ( £ »J # £ U < li 1 : 1 ~ 7 , 5 =fe Jf * 0 < & 1 
: 3-6) © «g H ft T' £> -5 . 

X (J. polym. Sci) B| 3 0 : 1 3 2 1 ( 1 9 9 2 ) ( /K - X (Boese)ffi) KE 
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»s«jK'j ^ -<D%®RVtewttf izftizG hx'&z. 

4Ktt«^T? §-5©T*. Slt^tt 1 A>e>SjS^$:§|^fc^© ( R = 1 - T) fC ^ L 
PETiii^f^, 601 

-(>±t*, n m&&i&&xmiz * y ^js l &. s^KsaA^o. 6di/ g (60 

MS%07xy-;i//4 oas%©y^nn/<>i?>) ©*'jif i/>f 1/7^ 
U- r- (PET) fc-o0&fflj*#«*e> 1 *H(C 7 5 K©a*T»ff LffiL 

i>f* 9 9 6 6 <^-*Hvv • *$**fr&A#^«fc»pr!Bttx5* |s 
V-) «OflFflJrt»«*»e, l BJIHHC6 5sK> KOJftifPJVLfliLfe. PET 

CISft*15 1ISffi;ffltfcft. (*S!f!IS 3, 8 0 1, 4 2 9 #tCfB« 
3ATH6i)ft) 7Y-K^n»jr (feedblock) 8fc««Lfe. 
.5 6 5, 9 8 5 mt. ttSWfcBfcfl ffi^)gC9v;i/^^7>f [LT H 

*. ^x^li, &2 1 0- FC^xT-iaSf. ft 3. 6<Z>£#**-e£3Sffl ( 
length orient) a life. 7 -f » V* T , ft2 3 5 " FClK|5 O^RfM 

$e>tC. 4 0 0 ' F v h $ tlfe t - h i» y r- 7* > ® & *» 
T. 5 %36«$;tx£. SSfcLfc?* *A©J*att2. 5 $ ;i/ T & 

a****. TUfe. 6 0* 0>#g (ttfllb) T'O p tflAN 
(ftftga) T'fflitM«T'*ofe (|*J/7h) . 
J*8©fe«K ^7-;i/-rj-^U-f>> 3 > (Mearl Corporation) fC «fc o T g 

60- O^Sf, fi»$®ifiS*SgU^4 (A*b. a^A»0ttHa 
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PET : i^fJK 151 

1 5 1 Jf ft-£tf m&ft8if$.1&<Dy ■< ^AS- t-7 5 v V 7 4 )\> 1±W&? 

4 y±x-. m&w&8.j&j:niz <t »j fc. a^ttS^o. 6di/g (60 

(PET) ft-o©i? tU^^.a*^ 1 f&fSlC 7 5 KffiiSSt'ifllli L 
. i?fA 9 9 6 6 (>f -X h7> • *;i/A^e>A#^IIB4iS>^riltt3:5^. h 
•7-) ft. ffi©#ffiJ«J&«a>e> 1 BfrHK 6 5 K©5t&T*J¥Uffi Ufc. PET 

tt. SffiJlKjiV^. 151ISff'Jiiitfe«). 

. >7x7tt, »210* F©-)iyiSST\ »3. 5 0Kfi-¥*-e£3Bffl£il 
fe. 7-/ AAtt, tfr^T. »215' FC»r2»HfllS*l, 1 » 3 £ »J » 2 

5 %©|0£T?iKj4 . o©BE#**-e«*wicttffa*ife. ;«)7UAIi, 3 e> 
IC , 400° F \Z i» 7 b 3 *l t - h iz v h * - 7* > © «*» T» . * © * 
*<f©*<J 5 %56ig3*lfc. ;t/A©£3ttfcjO. 65^tfeot. 

r©7-Ml/A©2iSgsft02 8lC5*bT^.5. 6 0° (DftBt (ttttb) T- © p 
<S^©2iS^%t±. ft 7 h L ttft Alt (Alia) T* ©ffl i: * o fc 

. HKJfffl^ff-c^xyaKfenPi: IT, *S#»o. 8 $ ;b©f*ttiia£#7 
A4Sft*Lfc. *©58ig^ft02 9 ICjSbTVNS ( fi£ AW © ft It a . 60S 
T* © ffi $8 b ) . 
PEN : X ft g 225 

2 2 5 £ ft "£tf H*ff ffiJ*J&©7 -f ft, -XgT* * X h>7x7ft}¥ttSj£ 

TffjftUfe. B*«*#0. 5dl/g (60ii%®7i;-^/40H* 
©yftan'O-fef:/) ©*'Jlf l/>t7JV-h (PEN) ft-o©#ffij£jg 
tt^&lBinici 8sK>K©3iKTffLffll/. i ft x ^ 9 9 6 6 (4 - X h 7 > 

• ft- 5 *> a# *riB*»Mtt 15 7. h 7-) ft. tta>ff ttA«*»e> 1 b» 

IRIfC 1 7 jK> KOiST-ff L ffi U fe. PENli. aiEJUCg^fe. 2 2 5 «©J? 
Lffita?:59It4 2o©7fl/f y^-fY-lCiSnS 5 7 ISr^tj ffit 
7^-F7'D^ili*fll/fe, f£jg3*lfe'7x7tf:, i¥ 3 1 2Ut. 
1 2 
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-f > f- & o . 7 x 7* & , y A JlI*0>iElS&&ftZ-ofrfr s - £ CD SO 

^-cM^isncn 5, tztoorty ft if =7 y £&e>w3Sg&#i£fi& a§^t 

2«#fa»ClBfaUfc. 7. 4 6 cm?J(0i)i^Sl 0 Ott'SfglCD-f^ 
13 0TDK6 0#|R|flllji&L£. -tCD&, (TCCDTf-atCg-^VxT) 
10 0%/secflii!Sl, > 7*;i/ * ft 3 . 5X3. 5 IC # tf b £ . ffifag -f 

03Oli, 3CD#M7-r ;i/A(Dy£3t£gtt$:jSLTH.2> ( it A A J* CD ft tg a . 
60iffli8b) „ p«#©gil2$%#, 60' (Dftm-C. (^ < A/Sfcgfc: f> 

PEN : T H V 500,449 

4 4 9 JS Zttim ftWlill&J&to 7 -Igt^tXh'Ji^JjfM 

Jgb, 7 ;v a zmft&o y a ft a i£ # g s cd >*> t? SB fa 1- s 3 t ic «k o 

TftfSLfe. S*tt&#0. 5 3 d 1 / g (6 0ii%i57 1 ;-;i//4 Oil 
%<D*J V uuKyHy) ©^'Jif i/>j-7n-F (PEN) £-oCD#ffii& 

^a^e>i^isnc56d<>KcDiiasT-}¥umu, thvsoo (5 * y * • v>f 

- > ^ • 7 > K • V ^ a 7 7 * ^ a 7 U > ^ • > /S^ - 15 IB 7 ;i/ * 

a^uv-) «©ffaja»si*»&iBHBiciiJK>K©a«-efl'uaLfe. 

PENtt, &BJflC)BV^ P E NCD 5 0 %fc 2 O CD^ffiJf £ £ V% £ . 4 4 9 |(D 
# L # £5Sj£-f & 2o©v;i/f-7*5'fY-fCii3tiS5 7f&ff ijffitfeJ!) 
. y A - F 7 a y ? & l,tz. * ^ 7 h 7 x 7* li » £$#2 0$;i/1?, (f # 

1 H>fT'*of:, 7x7"tt, *CD&. 7 -f )\< k<D1El51&Uft *. - £ 

©S^T'M*f6JfCH^(CS#t'5fe«)©A>^^5 7Sfte)9f5SSji#iga«:« 
V^T2ffl^(fil{CS($IL/fe. 7. 4 6cm¥;£C97x7"£:10 0'CT'®#fSfCD- 

TO^l, 1 4 01CJC6 0^fg|irDJ»L.7x. -fOg, ( tt; CD 8 »C £ 3 V* 

T) 10%/secT'W&L, > 7* ;i/ & ft 3 . 5X3. 5 fC # tf 1/ £ . 

03 Mi, A ;UACD3i§5?5 SOUTHS. Z. CD fi&atijS 

£At*T'<D££S:5*L, ft |g Mi 6 OgTCDfijSfc^LTV^. 
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PEN : CoPEN, 4 4 9 — U — jj v — 

4 4 9SSr^tfH^J¥ffi^^cD7-f;i/A5:, -IgT-^fV^h^x^Srffffiifc 
7-f ;i/ASI^^©7^ ;1/A&#£8©#T-S!IbJ1- £ 3 i: K «fc o 
Tf^^Lfc. S^ttgtfO. 56dl/g (60H?iffl7i;^/40il 

%(»V 9 un<yMy) CD/K'jif u>t7J u- F (pen) £ - o © # m j& 

1 ^PlSltC 4 3 KOaSTff L ffi U HtttS^O. 5 2 ( 6 0 S* 

9i07i;-^/4OiI^ffl^?DD'<>^>) ©CoPEN (7 0mol% 
© 2 , 6NDCi:3 0mol%©DMT) £,ftfi©J¥ajJ«^»fre>lB*ISnC2 5 
K©j$gT'l¥ 1/ ffi L fc. PENIi, SBSKJSV^ PEN©4 0%£2o© 
& ffi JI K IB ^ . 4 4 9S<D}fUmb«lS:iS3St-530(D-7;V^y5^^-lca 
5 7jf*:fe>Jffi-ffe«>, .*tXh7i7* 
tt , |j|«il0 5A?, <g^l2^f>f-T-S)ofe. "7 x 7 li , f ©8, 7 -f ;i/ A 
WiE^^SP^SroA^*, -£©«!|£?-#ft^j!8#*S££*>»c-fS;frfc/\ff33fc-r 
5fcft©/<>^ ^7 7Sffi^i?!fI#Si5:ffl^t 1 « # tC ffl b £ . 7. 
4 6 cm¥:&©'7x7'£l 0 0 *C T' ® # 8 K 0 - -T > ^ b , 1 4 0 "C IC 6 0 # 
RBftUMLfe. ■?•©&, ( tc © Tf-& £ g -5 Vn X ) 1 0 % / s e c T' HB& b . 

5 . 5 x 1 Ktttf b s#&-f<Mc. yy?)iz. fiacsas 

Ofc £ ft W -5 3 i: K <fc o T b . 

13 2 11 I©#§7-{ ^AOSi^S^ltV^. ft£attp<I#©fi#A 
»T*<DSifi^S:^ b, ffiJSb lip®*;© 6 0 g© AttT* ©SiS^s £ * b . ffi»c 

tt s <g3trottftAt*T*©&;ags*3*bT^-&. g[^si;6o- ©as*©m#t-© 
#stc^vxp<Dt©sjg^tcaa3ntv^ ( 8 5 ~ 1 o o %) . p e n© 
Mi^eo' icfiir*?>-* * -ft *m bT^£ fc&c 6 o° ©a#t-©p® 

^©Siigstf &^©T'. 60° ©At*T'©3i&li«« 1 0 0 % T' & 4 . A 
^ct;j:oTSlfesI)!6(iD«IS«!l (4 00~700nm) T©*VM»J%«C 

PEN&tfCoPEN. 6 0 1 —A 4 * 9 - 
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tSItCiotff^Lfe. 1«»S^0. 5dl/g (6 0ii%(57i;- 

;i//4oas%©yi'aD'<>-e>) o^gif i/>t7*i/-h (pen) & 
-o©»fflj*»«fr 6 1 *WC 7 5 jK> K©:1«TJ¥ UfflL, @««S^0. 5 

5(60 7 x y - 4 0 sa%© y ? o o >•£>) ucoPen ( 

70mol%©2, 6 N D C t 3 0 m o 1 %ODMT) ft, ftfi © # ffi tiLfctikfr £ 

i Btnic e 5 k©j««tj¥ u m ufe. PENtt. mmsizm^tz. eons 

0J¥LfflL4&ft§?ji1- £ Z-D0-7 fr=f-V3 4 V - K il £ ft S 1 5 1 Jf ft ft >J ffi t 
3^-K^Dy?a&ft«Lfc. #H#fFSi3 , 565, 9 8 5 ftt, H 
#©lfi$ffffl$^Ev;i/^7*5^-V-ftI&i8LT^&. lTffli#ttf >ii-(5 
tpT'fTofc. 7 2 8 0 ' F \Z 2 0 ft, 1 # (g|tC ift 6 % © S3 

£T', *<J4 . 4 0®#*fCa*|^/\g#3*lfc. •?■©&, 7Uitt. 4 60° 

F{c*-v hSnfek - YMv h*-y>®*T\ *<D&*.m<OM 2 ft 

. tbJS b 7 -f ;i/ A©£<* & 1 . 8$;i/T'&ofe. 

^A08ia?Sa3 3tC^LT^S. ffiJS8attp&)fe©iff£A£fT'© 

sia^ft^t, mm b « P <i#© 6 o moAStT'oymmmz* to®c& s ® 

ft©B£AifT'©3i§3sft;*LT^5. S^sy60' ©Att©M£T-©plI# 

m (400~700nm) T'©**|-fclS)fcgK:fciiB3ft&^. 
PET : CoPEN, 449 

4 4 9 J§ £$ttmft&!iil$,m<Z>7 -f ft. -X8T' * * 7. h"7x7*£#fflJjB; 
J&b, *©£, 7 4 ft 4 ;t/AJS#8H©tpT'I2ffl* S 3 t JCi o 

Tftf&Ltz. mmftBLtfO. 60dl/g (6 0«4%©7x J -;i//4 0£t 
%©y?nn'<>-£>) h (PET) ft - o © # m 

J*^8*>e> 1 SEIC 2 6 3K> KcDagT'ffLffi U S£*$g#0. 5 3 ( 6 0 S 
i%07i;-^//4 0li%(Di;?Dn'(>f » © C o P E N (70mol 
% © 2 , 6NDCi30mol%(ODMT) ft, ffflOJ9ffifS^»^e> 1 ^FtSftC 2 
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4 X> F<D&mVfl L Oil, tz. PETti, SBSfCS^fe. 4 4 9®©}fL{iiL 

K^O *j9 Lfc. #ffl#lfSM, 5 6 5, 9 8 5 ftt, n $ 0!) n B# J? ffi 

y?>ft - saiir^s. h^i^ii, mziti. 55 

5 7fe*i»*Sl#i6tfeJi!HTHIJfli:BiaiLfe. 7. 4 6cm¥#©'7 

i7-&ioofes#si:n-fo^L. l 2 ox;i: 6 o^igjoisnfe. 

0 x i ic #« l t . ®#&t<?ic, ia®$a«?#tn d t \Z 

Ac 

B3 4li, d 7 -< ;i/ A©jgifigs SraR L T H £ . A 8 a p € ft © a ft A 

WT'Ojgjg^S^ U, ft® b tt p ®ft© 6 0 g©AWT'©3iggs& L, ftJSc 

tts«§ft©s^Af*-c©8ia$!S:;*LT^.s. i^jtif6o' ©ai*©m:£7?© 
#^tci«v>p«ftosia^fcaB3nfevN (8o~ioo%) . 

PEN: coPEN, 601 

-f>±T-, liej?ffif«^Igi:ioT^^lfe. @£«igtfO. 54dl/g ( 

6 oil%©7i;-^/i:4 oil%©i?i'Dn'<>f >) ®*'Jif i/>t7 

*l/-h (PEN) fc-oCDfl ffiJ5fc«»*>e> 1 B»iatC 7 5 tK > K © » « T? J? b ffi 
L. co PEN 5:. «©ff 1 » IB K 6 5 jK > K© ai* T? U Hi b £ 

. coPENtt. 7 0 m o 1 % © 2 , 6t7jil/-b->'*fl/Jt?>8^f;H^r 

;i/ i: , l 5%®i;^f ;MV7? u- ht. i^u>yu=i-;i/S:-£iji5%© 

K^D';?aS:ffl^fe. 7-f-h'7*D»;{'lj: > P E NIC 1 .. 2 2 t c o P E NK 

1 . 2 2©ft^«©^$©iI»J^T4T-. Jf££lE#:fr (gradient distributio 
n) ? & £ $ izm&2 tltz. PENfflSIflt ft^X^-yi'©^fflT'll^}fffi 
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04 L * . _ 

Lfc„ 7Afy7-f V- a. ftifn. 1. 2 

22t*ofe. I«)7^A5, ^V^, 310° FIC3&4 0#|S^8& 

l, 1 ^isijc 6 %oh^t-. 5. 0 <ommmt 7?«^r n^xsi 

^/ A © At 3 tt jft 2 i^TJot. 

H3 5li. 3<D#® 7 ;i/A<DS5i^5:^LT ^S. ft 18 a tt p fl % © jt £ A 
# T-OSifisfsS:^ L, tt«8bttp<g^©6 0S©AIJT'©SjS^S^L, ft S3 c 
»i s ft3fetf>a£AI*T*©8iSs?5&^ LT^£. j££&tf60' O) \& a>mH t <7> 

#%izm\\ p myb<?)&&$\z&B $ntz\,\ ( 8 o ~ 1 o o %) . * an c ic 

<fc otilf: s$|#©pr$i<gB (4 0 0 - 7 0 0 nm) T? <D W H © # g £ 

B £ Jxfc iRftKtt, 5 0 0 t 6 5 0 nm«)P!|?SSl00%T'fe5. 

fl^WJft;* (5 5 OnmOl/4) IC**bfc#, # ffi ffi (C «t >J , X * V 

. ares*'** WKz>-a$ fc*/t-t4fe»Kfojj3 sg^itts «k e> ICfcdfcS 

H#S*fl5, 0 9 4, 7 8 8 fjtf® 5, 0 9 4, 7 9 3-£T'IBfEcS*lT^-&j: 

&sy 4 )\,&<Di>tmtoftmizm*z>±}&<Dmmtm&. 01-3. 6, 9-1 

01~3lC*L£<fc^&7 ; >f*^l/'rtCj3^TI;U £»fl3fc*#LCD 
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-li, Sftfift^fr ^> At* U tzftOUfa £ 5 > * Aft-f £ «fc ICft^t 5. £*f 
^-f 7a--!f-JC J:oTitt«Kl^^oTllit*lRlt5tte>n6. d <Z> 3 

^S'Ttfiftfi-SrilT'fe-S. 3 © Z. i: ICJ: U , ^(53e>457>^Aftt»« 

t«, □ - * ma t u^. «ii®#**© 

„ LtctfoX. 0 1 {C7*bfc#i&g 2 3 6 ©£ "i> IC * £ ft& "f HtSfJItt 
#}&ffi#ft2 18tf, «J8 2 3 6 5, iO»»<D«3tlB«*»6fll*i:aK:tt#i* 

tttt, *?>T'fcWfttf3*L<&^&©fttf&8#©&#©t^#&Kft»7 6*i 

©gg#g^©-r-f*:/i'-<©is--tttf*ifta*£. 

-»*S:«A-r-5 3 IC <fc o Tif hfflfiA'S C "biT,*, 0 2 3 - 2 5, #1:0 
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t\t. &M\zt£i t-RSHgyt + omaffiX' y JS #r ^ £ * - & fc -f s z: 1 1. m<o 

fflftlSISSti^illCiot. (02 3-2 5fCB8LT±i2RLtJ:e>tCZ:©^ 
SS:IST'§5fi)T') yB#45&;F-&K*6ttfcKz8#i?s<s;f;-gt£,jx;S 

o 

01 1 tC^Lfe«k ^fc-r-f X7l^f J5V>T, StJfii^tt, 

»»«7'fAAi:LCD/U*©|l|l:BiSn4 1 £0*«KI3HT . StfiSJfc 
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[#&*SIE3] &&&& 1 84&©8 
[Jtffl 0 ] 1996^1^240 

g:#©<8B 

1 . x-f X^U-f =E^a-;i/(15,16,17,142,143,147)i:, 

7 i -<^^l/-f : eya-;i/S:^»1-4«ke>fCgBSSixfe3t^^ir^x-f (24,140) 
t. tt. -V tfx-f (24,140)©&®lCAIt Ltc 

^a^lz-f^ya-**:****^* (24,140)©HKI!fi$ftfcKlf<iI# 
*(12,116)&fii*. S#<I)fc*(12,116)IJ. % 1 * l^x 

-f (24,140)^ *>©# (42) ^^^^^-^©^ft'viSiSL, S44i)t 

1-^^(40)5:*^*^ tfx 4 (24 , 140) © t A ^£ If t * «fc t> 

fZM®%* (12,116)tt, $ft<tt2o(!)M4o fc#f4(102,104)©£2©S 
#e>fcS#JI©**y gl 1 ©Srt*|pI(25,124)tCfc^-5^«Co t-tt& 

oM®o)miiTm(om&. $2 ©mi* # ft (22,122) ic 33 o £#*4©jiisi© 
js*r9s©gj:y : t.*tv^¥:r>r;*7 r i^. 

2. #3*** tfx^ (24,140)©* [oj/v Sit lfeM4o fc<Dfe#ffi©X£(40)©'.j> 

ft^^tf-r-f (24,140) C J: o T « 1 0<Sft;frfflK£8l3 

*v*it*Siia«o^#x-fxyu-f. 

3. ft£ft©'J>& < t filfiif ft*(12,116)K <fc o T x -f 
7. ^ U-f =E -Jl/ (15, 16, 17, 142 ,143, 147)0 #14^38 S 1*6 II* A 2 IE«g©ft 

4. £lt<g)fe*(12,116)tf , SbtC, m 1 fiJt^IfiJ&^tSJttCSbT, 

;i/Mca£KAItL£ft©'>fc<fcfc80%©¥iSSjS3s&£*Slf*«lIB« 
©tt^x-f xyM. 

5. fi»«ft^(i2,ii6)jiit. se>ic, % im%i5fo*.M* zytizm u, 

;i/i*K&£KAIt htz%0)'ptt < t %> 8 5 %© ¥$35195 ££1" Sit* 9 1 IBtt 
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6. £»«*-Kl2,116)#. Se>(C, m HH**ffi&#-*-*3fcCHbT. 7* 
;i/ A IC fi & 6 0° T'ASifLfctt©'>&<i;*,6 0%CD¥*£2tiS^S:«-t-Sif 

7. (12,116)tf, Se,tC, 55 Hgtt£l»JS:^1-£tttcg8 LT, 7 -< 
;bAJC|t:^l*>e>6 0 o T'At*L£3fc©4>&<i:%8 0%CD¥^SiS^S:*1-Slf 

8. fi»fift*(12,116)#, e, tC, »l«3fc*|f4*«f S*CMLT. 7 -< 
#aifat©)(;ff-f X^U-f. 

9. (12, 116) tf, *HB3fc£Gl«:#f SJtCHLT. 7 
#3ifB«©3fc¥7 ; 'f*7 , u^. 

10. BLUMft* (12, 116)*^ S6»C, *2M35rftfc*frft&K:BBLT. 7 
^;i/AJCBAtCAItLfe3t©'>^<i: : t60%©3p^ i g|^^s.^- ra ^^ ]Sl | E 

1 1. fi»*Jfc*(12, 116)#. S&IC, *2«3fc#lSJfctff&:«K:Hl,T, 7 
-f;i/AtCii[«tCAWLt«(D^^<i:t ) 8 0%O¥^SIif^?:*1-Sfl^aif5 

12. S»<i^-?(12,116)^. 3*>fC, m2<S^^|pJ5:%-r-S)fctCHLT. 7 
^AfcfifttcA&Lfctt©^*^ i: 9 0%©¥^ J 5»^5:*-fSfi#5li3 

13. fiU<Sft*(12,116)tf , »2«Jt*|$|fc*-r*3tKlHl/T, 7 
-f-n/AfCg[AK:AI*Lt)t(D'>^<i:fc95%CD¥^ j KM^«:«1'-5lf^^lia 
©Oft^-r * 7" . 

i 4. ^i«f4*«±7ii'j>t;*;nK>iJ^Uxxx-n/T-*Sii#«iiB«<D 
1 5. ?g 1 'J (if l/>t7H-H T*&£!f #S 1 4iBSg©ft3t 
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16. m2ttfttf. i~ 7 9 I/ — h tf \/ — h 0 a i h i 

1 7. % 2#»#;Ky U>7*68*S 1 5fB«©7fc^-r-< X ? U >f . 

1 8. BL#®%3-{n, 116)tf ^ST'fc*!! 1 IB«03%^x-< 

19. ^iX^;?*'. 8 1 <Z> ® ft 7J ftK ffi |Sj 3 ft T ^ £ ft 1 §B«©#£ 

20. S»««?(12,116)A«®vxftS-f ftfiS:*t*lt#« 1 fB*OJt#x-f 

2 1. 3«bfC, x-f ^7"!/^ ^ y a -;Kl5,16,17,142,143,147)©a^® Sfi 
MB&lt-fS <fc "5 KttttfcSftfc 2fittfia*(l8)fc«jt.fc»*JS 1 IE*©**-? 

2 2. fi»fi*^ (12,116)©aatt««, 2fittH#^ (18)cr>a»tti:»*»fC 

e>ftr 2 1 mm<D%&T<< * -? u-r . 

23. \£*r4 (24,140)#, Ii!:»fi»l&«t5i h d;K 
XA*^S:^^tlt#SliB«(D3 1 6^7 i -f^^l/-f„ 

24. 7 s * X:/U-f#a&IC*l*SiB#»(113,218)£**, 1 tt&ffi 
(113,218) tt, liStc^ Lt?«)fft 6ftfcgS 1 ffr- ^©^ST'Stm 1 tt& 

9 If » (113, 218) (CA » Lfe« ZfcmtZ t tfetC, $lfC*fLT^i&5£«><bft£ 
S2y^-7-«)tlT-gil £&S#*Hll3,218)KAttLfc3fc£ffl$r;*i£T. 
^2^;^-^©#g©7^©^i|i^-f©|gJt1-S'f>y•y^>7x«y^;J:^Jt^^^7 
^h^-yhtfxyyfcf^-faj^tcfc&Sft, S2^^-y©^SA(|i ^ 
-?©ftg<MJfc*t^if#5lfE«0ft^T-f*:/l/>f. 
2 5. M*ofc«7l6*^^*-rSfil*Jt©'>«;<i:%,feS»^*^^^Yex 
-f (24,140)K J: oTSS 1 <3 ft £ |6]»C g & £ ft , 3 <s> {C. SB lfi ft 2f[6j K fg & 3 ft 
feft©'J>fc < (12.118)* ^i/^;;a-A 

(15,16,17, 142,143,147) (D # ^ o T2iit-5##S 2 4|B«©)t^-r-<^y 

2 6. ^*«*e>ftfemi^;i/-^o^i«o5W^cD'j>/j:<i:=fefe§aj^^ > 
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ft£3f ^ Xt4 (24,140)tC <fc o X . *»*it>&ftfcJ|i2* , ;i/-^0a*C|E*;S 

#&®#*SHC iotfU 7 1/4 * ^ (15,16,17,142,143,147) 

0D^^(Rj^^>tl-5ll#a2 5fE©©ft3*-r-rxXl/4. 

2 7. ^1 *£jfi#ft(113,218)tf ?£iii £ft£iB£ 2 4 «*© 

ft^x-f XT' 1/4 . 

28. fciiBtf-r-fXXl^* ^a-;Kl5,16,17,142,143,147)(D*?:l6l^T 
V>Slf #S 2 7fiBtB©ft^7 i 'f;*Xl/4. 

2 9. «5t®#&a© = £XU XA(224)S:{IAfef|#]g2 7fia«©ft3t-r-f 

3 0. *»©2a7y (224) #Sfc«lS:« J* 2 9 IB « Oft 3* X 
-f X X 1/4 . 

3 1. m 1 ^Jt®Mf5Kll3,218)OgHl^if|^, Miift^ (12,116)0g 1 ®fc 
£|6HCJ8;*.?>*lT^ £11 #3 3 OiasKOft^x-fX^l/4. 

3 2. = U XM224)tf -^i2Hft )gXlJ XAT-&£if 2 9 13® Oft 
3*7^ XXl/4. 

33. Hft^'JXA (224) # 7 0 ft # £ 1 1 0g©*gS<Z)4>*;i'--rf K 7 
>*;i<£ffi*fcft:£3l29ia«0>ft¥-rVxXl/4. 

3 4 . = # X U XA (224) 9 0 g® 4 > <7 )\> - 9 v K 7 > f h feU 
#53 3IB«Oft^x-f^7l/4. 

3 5. ^1 88®#!|SKll3,218)#£tt«ft*(12,116)i:-r»f X^H?i?i 
- )l (15,16,17, 142,143,147)OfSlCffiSSntS#5 24iE«CDft^X'fXXl/ 
4. 

3 6. g 1 «S3t®#l|5Kll3,218)0>8iigffltf, T^^U^=&i?a-;Kl5,16, 
17,142,143,147)<Z>:£ 5: [SJ^T v%£ff 3 5 I2S© ft f r -f X ^ 1/ >( . 

37. $ i *itii#fsKii3,2i8)tf , BLttteyt+M.iwt&m** tr-r -r (2 

4,14O)0raiCEg£ftfcf&#£24l3«<7)ft3t-r-r*XU4. 

3 8. fll 1 «Si®#8(113.218)©«ii® tf, x-f 1/4 * ^ - ^1/ (15.16, 
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17, 142, 143, 147) ©# & l$I V> T t>6i*93 7IE«©ft3£x-<;*:/l"fo 

3 9 . R9t fift* (12,116) i:9 1 fit j§® ##(113, 218)© Hie XT - ¥^ >y 7 { 
171,181)#&£ft#S24ii2«©ft#-r-fX7l/-l'. 

4 0. fi j* « ft * (12,116) tm 1 (113. 218) (110) Tf* 
4 1. 3&tC9 2Mji#ft(182)fcff;t.&ff*:g(2 4fB«©ft^f : 'f 

>r . 

4 2. S2ttSBi#tt(182)tf. ttC3lfLtfft)tft6ftfe»3irA-yffl^ 
* -C K* 2 MiBttH(182)CA#Lfcft fc * C # U T * «> 

*«>&nfc*l4 yfl/-^©j|S7?Kf 2*3llBttf*(182)CAIf Lfeft fcJSiffS 
-&T, 9 4 iOl/ -:/©£«© ft ©*¥#* ©BBittS-f >7v hfi-^i 'Jti 

3^-^(D^«J:n**K|*a4lM<DJl?f^7 , l/'f. 

4 3. *2**iB#tt(182)tf, 3*>lC, S:fSA> I2fSl 

o 

4 4. 9 1 MjB#ft(113 > 218)#?&ii£ff£jB&* U. 9 1 &igffi#*4(ll 
3,218)©«ii®tf, Biat6l!ANfcttJftL. 

9 1 *5gffi#» (113,218)©S! Ai#, 9lft092tt&jB#ft&9ilL&ft 
©-fcftfH»©fe»lC. 9 2 9 jt®#$4©Kifi]iSi:fflH^T*giJas ^fe9*«4 

3 X^l/-f. 

4 5. * i *itiE#f*(ii3,2i8)®Bmtttf. 9 2m'&mtt&o>mfimiztt l 

4 6. ±ia^SA«*«|9 0IT*fe5i*S4 SfBSOft^x-f^^U-f. 

4 7. ±B**#90«J:»Jti**H»*S4 SE^Wft^^-YX^l/^. 

4 8. 9 1 «j§B5**8(113,218)©8jgS#, »2«affittJBKl82)(Oip«iB© 

*fefflV^Ti!«S*ir^*»*a4 4fBl8©ft^7 ; -fX^L/-f. 

4 9. 9 1 &i;9 2«iiii*f|4©M*©«iiiS^X'f X^l/-f * i?*-/Ml5, 
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16, 17, 142, 143, 147)® 15 fc ft 'HTH 4 8fE«©ft:£-r-f*7 r l/'f. 

5 0. fll 1 ft Of* 2 *JK ifitf H (12,116) (24,14 

0)®|«KB!«SftTV*a»**44lB«©Jfc*"5 I <fx:/i'-f. 

5 1. m 1 fttf*2*»iBttW#£l#*3tt-?-(12,116)i:f s .f *7l/-f 

;i/(15,16,17,142,143,147)©|g»Cffifi 5 4XT V^4it*^ 5 0 E ft^-r -f X 7 

5 2. Ht 1 «fei!ttW<113,218)#£»*3fc-?-<12,116)i:3tt*** tfx A (24, 
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